A previously unreported isomer has been identified in 99 Mo at an excitation energy of E x = 3010 keV, decaying with a half-life of T 1/2 = 8(2) ns. The nucleus of interest was produced following fusion-fission reactions between a thick 27 Al target frame and a 178 Hf beam at a laboratory energy of 1150 MeV. This isomeric state is interpreted as an energetically favored, maximally aligned configuration of νh 11 2 ⊗ π (g 9 2 ) 2 .
A previously unreported isomer has been identified in 99 Mo at an excitation energy of E x = 3010 keV, decaying with a half-life of T 1/2 = 8(2) ns. The nucleus of interest was produced following fusion-fission reactions between a thick 27 Al target frame and a 178 Hf beam at a laboratory energy of 1150 MeV. This isomeric state is interpreted as an energetically favored, maximally aligned configuration of νh The near-yrast structure of the A ∼ 100 region with N 56 is dominated by excitations associated with the high-j "unnatural parity" proton g 9 2 and neutron h 11 2 orbitals. Decoupled, rotational sequences built on a single νh 11 2 orbital are observed in all N = 57 isotones from 2 configurations, depending on the proton number and the associated core deformation [1] [2] [3] . These collective rotational bands can compete with single-particle excitations formed by the favored, maximally aligned couplings of high-j proton (g 9 2 ) and neutron (h 11 2 and g 7 2 ) orbitals. This Brief Report describes the identification of a high-spin isomeric state that feeds the previously reported h 11 2 decoupled-rotational structure, at I π =
2
− , in 99 Mo [1] . The experiment was performed at Argonne National Laboratory using the Argonne Tandem Linear Accelerator System (ATLAS), which delivered a 178 Hf beam at a laboratory energy of 1150 MeV, with an average beam intensity of 2 particle nA. The main experimental focus was to study long-lived isomers in hafnium-like nuclei, using deep-inelastic reactions with a thick 208 Pb target; the results from this work are reported in Ref. [8] . The data on 99 Mo described in this Brief Report were obtained from incidental fusion-fission reactions between the 178 Hf projectiles and the 27 Al support frame for the 208 Pb target. Nuclei synthesized in fusion-fission reactions were identified as such from the observation of γ rays associated with the decay of binary products, consistent with the fission of the 178 Hf + 27 Al fusion-compound nucleus. The beam * Corresponding author: G.Jones@Surrey.ac.uk delivered by the ATLAS was bunched into short pulses of width ∼0.5 ns, separated by periods of 82.5 ns. This pulsing was utilized to study metastable states in the 10
s range; nine out of ten beam pulses were swept away from the target, resulting in a 825 ns period within which delayed γ -ray decays could be studied. Events where two or more coincident γ rays were detected within a 2µs range were written to tape for subsequent off-line analysis. A total of 2.1 × 10 9 events were recorded over the course of a 5-day experiment.
The nature of the fusion-fission reaction process leads to the detection of a plethora of γ rays emitted from excited states in a broad range of nuclei, resulting in a highly complex data set. The γ -ray decays from all the reaction products were measured using the Gammasphere [9] array, comprised of 101 Compton-suppressed germanium detectors in this experiment. Because of this level of complexity it was necessary to utilize multidimensional γ -ray coincidence techniques to correlate γ -ray decays associated with particular nuclides. A variety of coincidence cubes corresponding to different γ -ray time and energy conditions were created; Table I provides details of cubes created, which are relevant to this report. These were analyzed with standard software packages described in Refs. [10] [11] [12] .
A high-spin isomer in 99 Mo has been observed for the first time using these data. Figure 1 provides a level scheme of transitions in 99 Mo deduced from the current work. The isomeric state at E x = 3010 keV is observed to decay directly into the negative-parity sequence, reported in Ref. Fig. 1 and spectra in Fig. 2 . Prompt and delayed γ rays (γ p and γ d , respectively) are defined by the time difference, TD p or d , between the γ -ray, T , and that of the beam, RF. The time difference between γ rays, TD γ , is used to define transitions that are prompt with respect to each other.
Conditions
Spectrum Gates ({x}{y}) (see Fig. 2 − state was observed in this experiment. This is consistent with intensity measurements for delayed transitions below the isomer, which indicate 100% feeding through the 305 keV decay. The spectrum shown in Fig. 2(c) illustrates promptly fed γ rays above the E x = 3010 keV state, using double gates on delayed transitions (see Table I ). A weak 1739 keV transition is observed in this spectrum, which fits energetically with a decay from the E x = 4749 keV, I π = ( 31 2 − ) state to the isomeric level. Table II shows Weiskopff estimates of the 1739 keV transition for different multipolarities. For this transition to compete with the collective-E2, 1064 keV γ ray, one would expect it to decay between states with |I i − I f | = L 2. The 1739 keV transition is placed tentatively in the level scheme provided in Fig. 1 . Other γ -ray photopeaks at 685, 764, and 842 keV are identified in this spectrum, associated with prompt transitions that possibly populate the isomeric state. Because of the complexity of the data set, particularly with γ rays of energy E γ < 1 MeV, these transitions could not be linked confidently to the decay of specific states above the E x = 3010 keV isomer in 99 Mo. Figure 2 (d) provides a γ -ray time spectrum of the doublegated delayed transitions from the isomeric E x = 3010 keV state. Relative to the accelerator RF signal, the half-life of the decay is measured as T 1/2 = 8(2) ns, using a folded Gaussian plus exponential fit.
The spin-parity assignment for this previously unreported state is based on (i) the observed decay to the I π = 23 2 − member of the negative-parity collective sequence in 99 Mo; (ii) the measured lifetime associated with the 305 keV decaying transition; and (iii) the tentatively observed 1739 keV, L 2 transition that links the E x = 4748 keV state with the E x = 3010 keV isomer.
Weisskopf single-particle transition rates for a 305 keV transition with E1 or M1 multipolarity are B(E1) = (1.4 ± 0.4) × 10 −6 W.u. or B(M1) = (9.6 ± 2.4) × 10 −4 W.u., respectively. Such a retarded M1 transition is unlikely [13] ; 99 Mo from the short-pulsing experiment; details of the coincidence gates used to produce spectra are provided in Table I . Panels (a) and (b) show transitions associated with 99 Mo in prompt and delayed projections, respectively. The γ rays in (c) illustrate candidates for transitions decaying from states above the E x = 3010 keV isomer. Panel (d) gives the time evolution of the isomeric decay, including a folded Gaussian plus exponential fit; the dashed line is the prompt Gaussian used in the fit (with FWHM = 12.5(10) ns), obtained from a fit to a prompt γ ray with E γ ∼ 300 keV. Contaminants ( 97 Mo and 178 Hf) are indicated in each spectrum where applicable. however, Endt [13] shows that E1 transitions in this region can be hindered to this magnitude. Examples of such hindered E1 transitions can also be seen in Ref. [14] . An E1, 305 keV transition would imply I π = 2 configuration appears to be within 200 keV of the observed isomeric-state energy. The experimentally suggested spin-parity for the isomer is also consistent with this assessment.
FIG. 2. (Color online) Spectra of γ -ray decays in
This interpretation assumes a spherical shape; however, preliminary potential-energy-surface calculations [18] , which follow the prescription of those presented in Ref. [19] , indicate a shallow oblate-triaxial minimum for the isomeric state. Whilst the spherical pairing estimate offers an impressive correlation with experimental data, a deformed shape for the isomeric state could be a possibility. In the absence of further data on the isomeric state and/or the observation of collective states associated with its configuration, it is not possible to make a firm conclusion in this respect. Nevertheless, this low-lying spherical or oblate-triaxial isomer is distinct from the prolate-triaxial structure of the νh 11 2 band, which undergoes a bandcrossing at higher spin [1] and forms a rotation-aligned νh 11 2 ⊗ π (g 9 2 ) 2 sequence. In summary, a previously unidentified isomeric state in 99 Mo has been reported here for the first time. The isomer was identified from the study of γ -ray spectroscopy in a pulsed-beam experiment. Using systematic arguments and a simple pairing estimate, the state is interpreted as a maximally aligned νh 
